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A study was made of the use of strongly acid cation-exchange 

resins to catalyze the self-condensation and polymerization of 

aliphatic aldehydes and cyclohexanone. Of 10 aldehydes tested, 

only those of lower molecular weight gave appreciable yields of pure 

compounds. Near or  below room temperature, propionaldehyde, n- - 
butyraldehyde, and isobutyraldehyde, gave para-aldehydes. 

reflux, propionaldehyde, n-butyraldehyde, isovaleraldehyde, and 

n-caproaldehyde were converted to dialkyl acroleins. 

was converted to the a w l  hydroqtrioxane. 

cyclohexenyl cyclohexanone. 

hindered the catalysis, but re-use of the catalyst had little effect 

A t  

- 
Isobutyraldehyde - 

Cyclohemnone yielded 

The addition of water or solvent 

if water of dehydration was removed. 

was achieved in one hour by the use of 25 percent Amberlite IR-120 

or Dowex 50, based on the weight of aldehyde. All runs at reflux 

produced a distillation residue which is suggested to be a linear 

polymer based on a polyoxymethylene chain, 

Approximately maximum conversion 

ii 
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INTRODUCTION 

The use of cation-exchange res ins  i n  place of soluble acids  as 

ca t a lys t s  f o r  chemical reactions has been given considerable a t ten-  

t i o n  i n  recent years and has been thoroughly reviewed by A s t l e  (1) 

and by McGarvey and Kunin (2 ) .  

aldehydes i s  discussed i n  Appendix A, m d  the  use of cation-exchange 

r e s ins  t o  catalyze t h e  reactions of carbonyl compounds i s  reviewed i n  

Appendix B. 

The acid-catalyzed condensation of 

The purpose of t he  present inves t iga t ion  was t o  extend the  work 

of Durr and coworkers (3,4,5) on the  self-condensation of d i p h z t i c  

aldehydes and cyclohexanone i n  t h e  presence of strongly acid cation- 

exchange res ins .  

from the 4-, 6-, and 7-carbon-atom normal a l ipha t i c  aldehydes and 

cyclohexylidene cyclohexanone from cyclohexanone i n  the  presence of 

Amberlite I R - 1 2 0  at 130° t o  150°, generally above the  normal reflux 

temperature of the  carbonyl compounds. 

Durr reported the  formation of d ia lkyl  acroleins  

A t  ambient temperature he 

. obtained no product from =-butyraldehyde o r  2-heptaldehyde, bu t  ob- 

ta ined  paraldehyde from acetaldehyde. 

some reac t ion  conditions on the crotonization of q-heptaldehyde. 

He a l so  studied the  e f f e c t  of 

I n  the  present investigation, an extensive study has been made of 

t h e  e f f e c t  of t h e  following var iables  on the polymerization and self- 

condensation of n-butyraldehyde : (a )  Reaction temperature from about - 
30' t o  80°, (b)  react ion time from 1/2 t o  1 2  hows,  ( e )  quant i ty  of 

ca t a lys t  from 5 t o  25 percent of t he  weight of aldehyde, (d) brand of 



. 

ca t ion  r e s i n  (Amberlit? IR-120 and Dowex 5 0 ) ,  ( e )  repeated re-use of 

t he  ca t a lys t ,  ( f )  addi t ion  of a nonreactive solvent ,  and (g) addi t ion  

of a small quant i ty  of water. 

. 

With the  r e s u l t s  of t h i s  study as a background, nine o the r  alde- 

0 m 
0 
m 

hydes and cyclohexanone were t r ea t ed  with one of the  r e s ins .  

pothesis  i s  offered t o  explain the  r e l a t i v e  r e a c t i v i t y  of some of t h e  

A hy- 

aldehydes and t o  ind ica te  a possible s t ruc tu re  of the  d i s t i l l a t i o n  

residues which were obtained. 
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EXPERIMENTAL PRO C'EDURF: S 

Preparation of Cation-Exchange Resins 

Lo To prepare the  acid form, the  r e s ins  as received were t r ea t ed  

with about 500 m l  of  7 t o  9 percent hydrochloric ac id  per  100 grams, 

washed f r e e  of ac id  and chloride,  r insed with acetone, a i r -dr ied ,  and 

f i n a l l y .  vacuum dr ied  f o r  8 hours a t  60' t o  65O under about 100 mm 

absolute pressure.  

Preparation of Aldehydes and Cyclohexanone 

All these  compounds except 2-methyl valeraldehyde were commercial 

products which were dried,  d i s t i l l e d ,  s tored  under nitrogen i n  dark 

b o t t l e s ,  and used within 10 days. The 2-methyl valeraldehyde w a s  

synthesized by the low-pressure hydrogenation of an ethanol so lu t ion  

of 2-methyl - 3-ethyl acrolein over Raney nickel .  The bo i l ing  ranges 

and r e f r ac t ive  indices  of the compounds compared favorably with those 

reported i n  the  l i t e r a t u r e  ( l i s t e d  i n  appendix C ) .  

Reaction Pro c e dur e s 

The ion-exchange r e s i n  (general ly  25g)  and carbonyl compound 

(general ly  1OOg) were mixed under one of t he  reac t ion  procedures de- 

scr ibed below. (For the  react ion of :-butyraldehyde with cyclohexanone, 

0.6 mole butyraldehyde was added over a period of about two hours t o  

25 grams r e s i n  suspended i n  0.6 mole cyclohexanone.) A t  t he  end of the  

desired reac t ion  time, the res in-ca ta lys t  was f i l t e r e d  o f f  and washed 

with about 20 graxs reagent gra2.e benzene which w a s  added t o  the  
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f i l t r a t e .  The f i l t r a t e  and benzene wash were observed t o  be f r e e  of 

suspended res in .  

with benzene o r  acetone u n t i l  t he  a i r -dr ied r e s i n  w a s  subs tan t ia l ly  

If the  r e s in  was t o  be used again, it was washed 
'* 

odorless.  

I n  one procedure, t he  react ion mixture was shaken under nitrogen 

i n  a 300 m l  iodinat ion f l a s k  on a mechanical shaker. Exothermic heat  

r a i sed  the  batch temperature b r i e f l y  t o  about 40' when Amberlite 

IR-120 w a s  used o r  t o  about 70' when Dowex-50 w a s  used, and t h e  t e m -  

perature  then returned t o  ambient. A t  t he  end of t he  reac t ion  period, 

t h e  r e s i n  showed l i t t l e  change i n  appearance. 

I n  another procedure, the reac t ion  mixture was s t i r r e d  i n  a f l a s k  

equipped with a condenser, nitrogen bubbler, magnetic stirrer, and as 

t h e  occasion required, a Dean-Stark water t rap .  Reaction temperature 

w a s  maintained with a heating mantle o r  i c e - s a l t  bath as needed. 

During re f lux  react ions,  t h e  i n i t i a l l y  t ransparent ,  amber, spherical  

p a r t i c l e s  of ion-exchange r e s in  became opaque, dark, and i r r egu la r ly  

shaped. 

Separation and Iden t i f i ca t ion  of Products 

The f i l t ra tes  were d i s t i l l e d  with a 10-inch o r  12-inch packed, 

heated column under reduced pressure. Refractive indices  and inf ra -  

red spec t ra  were taken of the f r ac t ions  and residues.  The infra-red 

absorption peaks a re  discussed i n  appendix C.  Approximate molecular 

weights were determined cryoscopically i n  benzophenone. 

t i o n s  made on known compounds and on dupl icate  samples of unknowns 

indicated t h a t  the  r e s u l t s  were r e l i a b l e  t o  two s ign i f i can t  f igures .  

lben  the product w-zs believed t o  be a subs t i tu ted  trioxane, 

Determina- 
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confirmation-was sought by heating the product with a trace of p- 

xylene - 2-sulfonic acid, distilling, and identifying the original 
aldehyde, which should be regenerated by this procedure. Densities 

- 

< 

of the products and melting points of their 2, 4-dinitrophenylhydra- 

zones were determined when needed, and some molar refractions were 

calculated. 
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RESULTS AND D I S C U S S I O N  

Effect of Reaction Conditions on t h e  Reactions 

of - n-Butyraldehyde 

I n  all runs, 100 grams n-butyraldehyde was used, and unless 

otherwise indicated,  t h e  ca ta lys t  w a s  25 grams f r e sh  Amberlite IR-120, 

acid form. 

- 

The products and t h e i r  propert ies  a re  l i s t e d  i n  t ab le  I. 

Repeatabil i ty.  - The results of  t r i p l i c a t e  runs car r ied  out  a t  

re f lux  f o r  6 hours indicated t h a t  t he  over -a l l  conversions agreed with- 

i n  10 percentage points .  The r e l a t i v e  proportions of products showed 

a l i t t l e  more var ia t ion ,  possibly as the  r e s u l t  of normal var ia t ions  

i n  the  d i s t i l l a t i o n  procedure. 

Ef fec t  of react ion temperature ( t ab le  11). - The product which 

w a s  formed depended on the  react ion temperature. In addi t ion t o  a 

d i s t i l l a t i o n  residue which was obtained i n  a l l  runs, ref luxing f o r  one 

hour a t  73' t o  80' converted 62 percent of the  butyraldehyde t o  2- 

e thy l  - 3-propyl acrolein,  i n  agreement with DUrr's f inding ( 4 ) .  

t h e  other  hand, s t i r r i n g  f o r  one hour a t  27' t o  31' converted 48 per- 

cent of t h e  butyraldehyde t o  parabutyraldehyde (2,4,6-tripropyl - 
l J3 ,5- t r ioxane)  and only one percent t o  e thyl  propyl acrolein.  

l i t t l e  higher temperature, 33' t o  45OJ a l i t t l e  more d ia lkyl  acro le in  

and a l i t t l e  l e s s  parabutyraldehyde were formed. 

On 

A t  a 
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. TABLE 11. - EFFECT OF RXACTION TEMPEWITURTi: 

Reaction conditions 

Refluxed 1 hr . ,  

73' t o  80' 

S t i r r e d  1 hr. ,  

3 3 O  t o  45O 

S t i r r e d  1 hr., 

Percent conversion t o  

%Ethyl - 
3-propyl 
acrolein 

62 

8 

1 

Para- 

dehyde 
b u t p a l -  

0 

32 

48 

___ 
Mix- 
t u r e  

D i s t i l -  
l a t i o n  
residue 

Total 

69 

46 

58 

Effec t  of react ion time ( t ab le  111). - Refluxing f o r  more than 

one hour had only a minor e f f ec t  on the  over-all  conversion, bu t  in-  

creased t h e  d i s t i l l a t i o n  residue a l i t t l e  a t  the  expense of t he  e thyl  

propyl acrolein.  S t i r r i n g  for one hour at  about 25' t o  45O gave some- 

what more parabutyraldehyde and e thyl  propyl acro le in  than did stir- 

r i n g  f o r  only 30 minutes. 

perature  range o r  s t i r r i n g  f o r  6 hours at 47' t o  56' no longer gave 

parabutyraldehyde a s  a pure product. Instead, vacuum d i s t i l l a t i o n  of 

However, shaking f o r  18 hours i n  t h i s  tem- 

. t h e  reac t ion  products gave a f r ac t ion  which w a s  a mixture of compounds 

t h a t  could not be separated. This mixture, more f u l l y  discussed i n  

appendix C, represented 1 2  t o  35 percent of the  s t a r t i n g  mater ia l  and 

may have been the  result of  continuous decomposition during d i s t i l l a -  

t ion. .  I t s  physical properties and infra-red spectrum suggest it con- 

s i s t e d  of 5-ethyl - 2,4-dipropyl - 6-hydroxy - 1,3-dioxane, butyraldol,  

parabutyraldehyde, and e thyl  propyl acrolein.  The formation of a prod- 

uc t  a t  a b i e n t  temperature i s  i n  contrast  t o  DUrr's report  t h a t  
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0 m 
0 m 

butyraldehyde underwent no react ion i n  the  presence of Amberlite 

IR-120 a t  t h i s  temperature (4). 

Run 
no. 

47 

Av . 
52-56 

73 

58 

72 

65 

49 

TABLE 111. - EFFECT OF REACTION TIME 

Reaction conditions 

Refluxed 1 hr . ,  
73' t o  80' 

Refluxed 6 h r . ,  
73' t o  8 7 O  

Refluxed 1 2  hr . ,  
71' t o  112' 

S t i r r e d  6 hr .  , 
47' t o  5S0(a) 

S t i r r e d  30 min, 
25' t o  43O 

S t i r r e d  1 hr . ,  
3 3 O  t o  450 

Shaken 18 h r . ,  

25' t o  40°(b) 

Percent conversion t o  

2-Ethyl - 
3-propyl 
ac ro  1 e i n 

62 

61 

54 

38 

1 

8 

15 

Para- 
but  y r  a1- 

dehyde 

0 

0 

0 

0 

28 

32 

0 

MiX- 
t u r e  

0 

0 

0 

1 2  

0 

0 

35 

D i s t i l -  
l a t i o n  
residue 

7 

14 

19 

7 

6 

9 

17  

T o t i  

69 

75 

73 

57 

35 

49 

67 

(a)Refluxed under reduced pressure.  Reflux t i m e  w a s  6 h r s  i n  an 
attempt t o  maximize the formation of e thy l  propyl acrolein.  

. (b)At  40' f o r  l e s s  than 1 h r .  

Ef fec t  of quant i ty  of ca ta lys t  ( t ab le  I V ) .  - The use of 5 o r  10 

grams ins tead  of 25 grams Amberlite IR-120 per  100 grams butyraldehyde 

decreased the  conversion t o  subs t i tu ted  acro le in  by 3 7  percentage 

poin ts  during 6 hours re f lux .  

f a i r l y  constant.  

The quant i ty  of res idue formed w a s  

This r e s u l t  disagrees with DUrr's repor t  t h a t  t he  

e f f e c t  of increasing the  quant i ty  of ca t a lys t  had l i t t l e  e f f e c t  above 



Run 
no. 

55 

Reaction conditions 

5g IR-120; 6 h r . ,  
7 3 O  t o  76O 

Para- 
butyral-  

dehyde 

0 

0 

0 

Mix- 
t u r e  

3 

0 

0 

51 

Av. 
i 2-5 6 

log IR-120; 6 hr . ,  

25g IR-120; 6 hr . ,  

74O t o  84O 

73' t o  80' 

. 
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5 t o  10 grams of IR-120 per 100 grams - n-heptaldehyde reacted a t  145' 

t o  150' f o r  two hours (4 ) .  However, t he  higher reac t ion  temperature 

and higher molecular weight 

difference.  

of the  aldehyde he used may explain t h e  

TABLE I V .  - EFFECT OF QUANTITY OF CATALYST AT REFLUX 

Percent conversion t o  

2-Ethyl - 
3-propyl 
acro le in  

D i s t i l -  
l a t i o n  
residue 

Total 

49 

58 

75 

24 

43 

61 

22 

15 

14 

Effect  of i n e r t  solvent ( t a b l e  V ) .  - Dilut ion of t he  butyralde- 

hyde with an equal weight of benzene decreased t h e  conversion t o  

e thy l  propyl acrolein,  had l i t t l e  e f f e c t  on t h e  quant i ty  of  d i s t i l l a -  

tion residue, and caused the  appearance of some of the  mixture pre- 

viously observed on ly  at lower temperatures. 

TABLE V. - EFFECT OF INERT SOLVENT AT REFLUX 

?ercent conversion t o  Reaction conditions R U  
no. 

50 

47 

53 

Av . 
52-56 

?-Ethyl- - 
5 -propyl 
x r o l e i n  

Para- 
butyral-  

dehyde 

D i s t i l -  
l a t i o n  
residue 

Total Mix- 
t u r e  

18 

62 

43 

61 

11 

0 

3 

0 

5 

7 

14  

14 

34 

69 

60 

75 

1 hr . ,  7 3 O j  
1:l aldehyde: 
benzene 

1 hr . ,  73' t o  80' 
no solvent 

6 hr. ,  73'; 
1:l aldehyde: 
benzene 

6 h r . ,  73' t o  870 
no solvent 
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E f f e c t o f  added water ( tab le  V I ) .  - - The da ta  f o r  two runs show 

t h a t  the  addi t ion of 10 m l  deionized .water p r i o r  t o  ref luxing markedly 

decreased the  conversion t o  subst i tuted acrolein.  When the  r e s i n  
-. 

ca ta lys t  from one of these runs was re-used a f t e r  being vacuum-dried, 

i t s  c a t a l y t i c  a c t i v i t y  was subs tan t ia l ly  res tored.  

water in t e r f e red  with the  catalysis ,  possibly by being sorbed a t  t h e  

ac t ive  s i t e s  on the  r e s in  sur face 'or  by clogging the  pores i n  the  

pa r t i c l e s .  

Evidently the  

TABLE V I .  - EFFECT OF ADDED WATER AT REFLUX 
- 
Run 
no. 

- 
70 

68 

74 

47 
- 

Reaction conditions 

~~~ 

1 hr . ,  65O t o  67Oj 
10 ml water 

10 ml water 

r e s i n  from run 
70 vacuum dried 

no water 

1 hr. ,  67Oj 

1 hr . ,  69' t o  7 3 O j  

1 hr. ,  73' t o  80'; 

!-Ethyl - 
j -propyl 
tcrolein 

6 

13 

50 

62 

Percent conversion t o  

Para- 

dehyde 
b u t p a l -  

Mix- 
t u r e  

0 

0 

0 

0 

D i s t i l -  
l a t i o n  
residue 

3 

11 

22 

7 

mtal 

9 

24 

72 

69 

Effec t  of re-use of the ca t a lys t  ( t ab le  VII). - When t h e  same 

port ion of Amberlite IR-120 was shaken f o r  18 hours with each of  s i x  

successive portions of butyraldehyde, t he  over -a l l  conversion was s i m -  

i lar  i n  each run, although the r e l a t i v e  proportions of products showed 

some var ia t ion .  

a t  25' t o  45O. 

used seven times under ref lux at 67O t o  81° gave a d i f f e ren t  r e s u l t .  

Approximately the same result w a s  obtained by s t i r r i n g  

A p a r a l l e l  s e r i e s  of runs i n  which the  same r e s i n  was 

. 

There w a s  about a 30 percent decrease i n  t o t a l  conversion and about a 
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60 percent decrease i n  e thy l  propyl acrolein.  

1 
port ion of  r e s i n  w a s  used for  the  eighth time it was heated f o r  42 

hours a t  65' under 28 inches vacuum, whereupon i t s  c a t a l y t i c  a c t i v i t y  

w a s  res tored subs tan t ia l ly  t o  t he  o r ig ina l  leve l .  

Jus t  before the  same 

Since t h i s  r e s u l t  

TABLE VII. - EFFECT OF RE-USE OF CATALYST 

Run 
no. 

~ 

47 

48 

69 

71 

75 

77 

82 

49 

59 

62 

66 

65 

76 

- 

Reaction conditions 

1st use; 1 h r  at 
73' t o  81° 

2nd use; 1 hr a t  
74' t o  81' 

4th use; 1 hr  a t  
67O t o  69O 

5 t h  use; 1 h r  at 
67' t o  72' 

6th use; 1 hr  at 
69' t o  72' 

7th use; 1 h r  a t  
68O t o  69' 

8 t h  use, vacuuin dried; 
1 hr at 68O t o  7 5 O  

1st use, shaken 18 h r s  

2nd use, shaken 18 h r s  

4th use, shaker! 18 h r s  

6th use, shaken 18 h r s  

a t  25' t o  40' 

a t  25' t o  40' 

a t  25O t o  40' 

a t  25' t o  40° 

1st use, s t i r r e d  1 h r  

3rd use, s t i r r e d  1 h r  
a t  25' t o  41' 

at 2 5 O  t o  45' 

Percent conversion t o  

2-Ethyl - 
3 -propyl 
acrolein 

62 

50 

15 

22 

41 

21 

50 

15 

5 

1 

1 2  

8 

6 

Para- 
butyral- 
dehyde 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

32 

22 

Mix- 
t u r e  

0 

0 

9 

0 

0 

0 

0 

35 

3 7  

38 

38 

0 

0 

lis til- 
Lation 
residue 

7 

15 

10 

20 

23 

22 

18 

1 7  

14 

28 

19 

8 

26 

rotal  

69 

65 

34 

42 

64 

43 

68 

67 

56 

67 

69 

48 

54 
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w a s  analogous t o  the  deactivation of the  r e s i n  by the  de l ibera te  

addi t ion of water and i t s  reac t iva t ion  by drying, the  l o s s  of a c t i v i t y  

during re-use w a s  probably the r e s u l t  of t he  water produced along with 

' t he  formation of e thyl  propyl acrolein.  By the  same reasoning, re- 

use a t  lower temperatures caused no deact ivat ion because much less of 

the  acro le in  w a s  formed. 

Comparison of Amberlite IR-1.20 with Dowex 50x8 ( t ab le  VIIIL. - 
Although these r e s ins  have similar chemical s t ruc tures  and exchange 

capac i t ies  (manufacturer's da ta ) ,  Dotrex appeared t o  have g rea t e r  cat-  

a l y t i c  ac t iv f ty .  For example, i n  the  shaking procedure, Dowex ra i sed  

TABLE VIII. - COMPARISON BETWEEN DOWEX 50 AND AMBERLITE IR-120 

R u n  
no. 

78 

47 

80 

AV . 
52-5f 

79 

49 

81 

87 

85 

Reaction conditions 

Dowexj r e f lux  1 hr. ,  

Amberlite j reflux 
71' t o  78' 

1 hr., 73' t o  81' 

Dowexj reflux 6 hr.  , 
69' t o  86' 

Amberlite; reflux 
6 hr . ,  73' t o  87' 

Dowexj shake 18 hrs., 
25' t o  74O 

Amberlite; shake 18 
h r s . ,  25' t o  40' 

Dowexj s t ir  1 hr., 
26O t o  71' (no 
ex terna l  hea t )  

Dovex; s t i r  1 hr. ,  
27' t o  30' 

Aniberlite; s t i r  1 
hr . ,  27' t o  31' 

%Ethyl - 
3-propyl 
acrolein 

47 

62 

65 

61 

36 

15 

36 

9 

1 

Percent conversion t o  

Para- 
butyral-  

dehyde 

0 

0 

0 

0 

0 

0 

0 

57 

48 

Mix- 
t u r e  

0 

0 

0 

0 

25 

35 

21 

0 

0 

D i s t i l -  
l a t i o n  
residue 

18 

7 

15 

14 

1 6  

1 7  

13 

13 

9 

Total 

65 

69 

80 

75 

77 

67 

70 

79 

58 
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t h e  temperature of butyraldehyde t o  over 70' while Amberlite ra i sed  

it t o  40'. While the two resins  gave s i m i l a r  results under reflux, 

Dowex produced much more ethyl  propyl acro le in  during the  shaking pro- 

cedure and more parabutyraldehyde when s t i r r e d  a t  27' t o  30°. 

\r 

These 

differences may be a t t r i bu tab le  t o  t h e  smaller p a r t i c l e  s i z e  and hence 

grea te r  spec i f i c  surface of Dowex 50. 

Reactions o f  Other Aldehydes 

The self-condensation of nine o ther  aldehydes w a s  attempted by 

t h e  s t i r r i n g  procedure. 

atoms on the  alpha carbon atom (propionaldehyde, isovaleraldehyde, 

There were three  aldehydes with two hydrogen 

- n-caproaldehyde) , f i v e  with only one alpha hydrogen atom (crotonalde- 

hyde, isobutyraldehyde, 2-methyl valeraldehyde, 2-ethyl butyraldehyde, 

2-ethyl caproaldehyde) , and benzaldehyde. Unless otherwise indicated,  

t he  ca t a lys t  was Dowex 50. The products and t h e i r  propert ies  are 

l i s t e d  i n  t a b l e  I. The de ta i led  r e s u l t s  a re  tabulated i n  appendix C. 

Reactions near o r  below room temperature. - The on ly  products 

forined near o r  below room temperature were the  cyc l ic  trimers (para  - 
aldehydes) of propionaldehyde and isobutyraldehyde. O f  t h e  other  

aldehydes, only isovaleraldehyde has been reported t o  form the  cyc l ic  

trimer (14) .  

version t o  parapropionaldehyde was b e t t e r  a t  -31° t o  0' (75 percent) 

than a t  27: t o  45' while a temperature of 23' t o  30' was more favor- 

able f o r  t he  formation of paraisobutyraldehyde (91  percent conversion) 

than  w a s  -13' t o  -4'. 

I n  no case was any meta-aldehyde detected.  The con- 
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Reactions a t  re f lux .  - A l l  three of t h e  aldehydes with two hydro- 

gen atoms on the  alpha carbon atom yielded d i a lky l  acroleins ,  bu t  only 
-. - 

t h e  two of lower molecular weight underwent subs t an t i a l  conversion. 

This t rend i s  contrary t o  DuTr's f inding t h a t  as much as 7 1  percent 

of - n-heptaldehyde was converted t o  the  acrolein,  bu t  h i s  reac t ion  tern- 

perature  w a s  a l i t t l e  higher (150'). 

Propionaldehyde refluxed f o r  6 hours a t  50' t o  62' gave a 41 per- 

cent y i e ld  of 2-methyl - 3-ethyl acro le in  and 18 percent d i s t i l l a t i o n  

residue. Refluxing f o r  one hour at  90' t o  91' converted 22 percent 

of isovaleraldehyde t o  2-isopropyl - 3-isobutyl acrolein,  while one 

hour a t  105' t o  109' converted only 9 percent of caproaldehyde t o  

2-butyl - 3-amyl acrolein.  

percent, respect ively.  

conversions of caproaldehyde by continuously removing water of re- 

ac t ion  so as t o  r a i s e  t h e  reaction temperature t o  155', and by sub- 

s t i t u t i n g  Amberlite IR-120 f o r  Dowex 50, b u t  t he  only result was less 

of the  subs t i tu ted  acro le in  (4 and 0 percent) and more d i s t i l l a t i o n  

residue (54 and 34 percent).  

The conversions t o  residue were 9 and 2 1  

Attempts were made t o  approach Durr's higher 

Of th ree  aldehydes with one alkyl group on the  alpha carbon which 

were refluxed with bwex 50 f o r  1 t o  6 hours, only isobutyraldehyde 

was extensively converted (33 percent) t o  a d i s t i l l a b l e  product. 

product appeared t o  be 5, 5-dimethyl - 2, 4-diisopropyl - 6-hydroxy- 

dioxane contaminated w i t h  a minor quant i ty  of isobutyraldol which 

could not be removed even upon r e d i s t i l l a t i o n .  

i l a r l y  found t h a t  t h i s  alkyl hydroxydioxane tends t o  d issoc ia te  t o  

t h e  a ldol  during vacuum d i s t i l l a t i o n .  

The 

Saunders ( 7 )  has s i m -  

About 25 percent of t he  
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isobutyraldehyde was converted t o  d i s t i l l a t i o n  residue and 5 t o  10 

percent t o  paraisobutyraldehyde. 

gave some paraisobutyraldehyde, arid when the  r e f lux  reac t ion  was 

car r ied  out  f o r  only one hour, t h e  conversion t o  para-aldehyde w a s  

almost 20 percent.  

-. Refluxing isobutyraldehyde always 

Refluxing 2-ethyl butyraldehyde a t  1 0 7 O  or 2-ethyl caproaldehyde 

a t  109' f o r  one hour gave no d i s t i l l a b l e  product and only 6 t o  7 per  

cent d i s t i l l a t i o n  residue. Forcing the  reac t ion  by ref luxing f o r  3 

t o  6 hours and continuously removing water so t h a t  t h e  reac t ion  tem- 

perature  rose t o  as high as 155' resu l ted  i n  a 60 percent conversion 

t o  d i s t i l l a t i o n  residue bu t  only 4 t o  6 percent conversion t o  a d is -  

t i l l a b l e  material which w a s  probably a product of decomposition. It 

thus appears t h a t  of a l l  the  aldehydes tes ted ,  only those of lowest 

molecular weight were t o  a s igni f icant  extent  converted t o  simple 

products. 

rate constant f o r  t he  cation resin-catalyzed hydrolysis of  e s t e r s  de- 

creased 10-fold from methyl ace ta te  t o  e thy l  caproate (15). 

This i s  consistent w i t h  Bammett's f inding t h a t  t h e  r e l a t i v e  

Condensation of Cyclohexanone 

Cyclohexanone refluxed with Dowex 5 0 a  f o r  one hour a t  106' t o  

115' w a s  23 percent converted t o  1-cyclohexenyl - 2-cyclohexanone and 

25 percent t o  d i s t i l l a t i o n  residue. 

a r e  l i s t e d  i n  t ab le  I .  

Dietr ich ( 1 7 )  working w i t h  a resorcinol-formaldehyde su l fonic  acid 

r e s in ,  reported t h e  prosuct t o  be 1-cyclohexylidene - 2-cyclohexanone. 

The propert ies  of t he  products 

Durr (16)  working with Amberlite IR-120 and 
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However, the-fol lowing evidence ind ica tes  the  product t o  be cyclo- 

hexenyl cyclohexanone: 
< 

1. The infra-red spectrum indicated the  carbonyl group was not 

conjugated t o  t h e  carbon- carbon double bond. 

2. The melting point of t he  2, 4-dinitrophenylhydrazone (154.6' 
0 
Lo 
0 
LD t o  155.0') agreed with t h a t  published f o r  t h i s  der iva t ive  of cyclo- 

hexenyl cyclohexanone ( 1 2 ) ,  not with 129' t o  130' published for t he  

der iva t ive  of cyclohexylidene cyclohexanone (18) . 
3. The molar re f rac t ion ,  52.8, indicated there  w a s  no exal ta t ion,  

as would be expected from the conjugated system i n  cyclohexylidene 

cyclohexanone. 

The wide range and s imi l a r i t y  of t he  published values of the  

boi l ing  ranges, r e f r ac t ive  indices,  and dens i t i e s  of the  two corn- 

pounds preclude t h e i r  use i n  iden t i f i ca t ion ,  and t h e  melting points  

of t h e  oxime and semicarbazone of cyclohexenyl cyclohexanone have not 

been reported i n  the  l i t e r a t u r e .  

When cyclohexanone w a s  refluxed with Dowex 50 f o r  5 hours a t  

113' t o  169' and water w a s  continuously separated, it w a s  almost com- 

p l e t e l y  converted t o  a thermoplastic semisolid resinous material .  

When 0.6 mole butyraldehyde was refluxed with 0.6 mole cyclohexanone 

and the  ca t a lys t  f o r  an hour, about 23 percent of it w a s  converted t o  

what was probably 2-cyclohexylidene butyraldehyde (proper t ies  l i s t e d  

i n  t ab le  I) .  Lambert, Durr, and Mil le t  (13) car r ied  out  a similar 

react ion,  and ca l led  t h e i r  product 2-cyclohexylidene butyraldehyde. 

The two products had very s i m i l a r  bo i l ing  ranges and r e f r ac t ive  in- 

dices,  and the  2 ,  4-dinitrophenyl hydrazones had l i k e  melting points .  



0 
In 
0 
In 

- 18 - 

I n  addition, t he  infra-red spectrum w a s  appropriate.  A similar pro- 

cedure with butyraldehyde and cyclohexanone, bu t  car r ied  out a t  30' 

t o  3 3 O ,  converted a few percent of the  butyraldehyde t o  e thy l  propyl 

acro le in  and about 9 percent t o  an unsaturated product which w a s  not 

. 

s a t i s f a c t o r i l y  iden t i f i ed .  The molecular weight, 153, corresponded 

t o  the  dehydrated product of one mole each of aldehyde and ketone, 

bu t  t he  infra-red spectrum ( t ab le  I) indicated t h a t  t he  compound was 

not t he  same as the  one previously described as cyclohexylidene 

butyraldehyde. 

D i s t i l l a t i o n  Residues 

Examination of t h e  infra-red spectra  of t he  d i s t i l l a t i o n  residues 

from t he  self-condensation o f  all the  aldehydes t e s t ed  ( t ab le  I) in- 

d ica tes  t h a t  all the  residues contained -C-0-C-0-C- and unconjugated 

carbonyl groups. I n  addition, t he  residues from the  aldehydes v i t h  

two hydrogen atoms on t h e  alpha carbon atom also contained conjugated 

carbonyl and carbon-carbon double bonds. 

thermoplastic mater ia ls  whose molecular weights ( t a b l e  I) corresponded 

t o  3 t o  7 moles of aldehyde, depending on how much allowmce was made 

for l o s s  of water of dehydration. This information suggests t h a t  t h e  

residues were l i n e a r  polymers based on a -C-0-C-0-C- chain analogous 

t o  t h a t  suggested by Staudinger f o r  ce r t a in  acetaldehyde polymers (19) 

and t h a t  t he  mechanism of t h e i r  formation i s  independent of any aldo- 

l i z a t i o n  react ion.  

then be located i n  groups attached t o  the  main chain, indicat ing t h a t  

some of t he  s ide  groups were a t  l e a s t  diners  of t he  o r ig ina l  aldehydes.. 

The residues were viscous, 

The carbonyl and carbon-carbon double bonds must 
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Since the  d i s t i l l a b l e ,  l i nea r  products which have been discussed pre- 

viously were dimers or  dehydrated dimers, it might be expected t h a t  

the  s ide  groups were mostly formed f i r s t  and the polymer chain a f t e r -  
\ 

ward. It may be s ign i f i can t  t h a t ,  unl ike the  cyc l ic  t r imers  which 

a l s o  contain the  -GO-C-0-C-  s t ruc ture ,  the  residues did not y i e ld  

t h e  o r ig ina l  carbonyl coinpound when heated with ac id  ( t ab le  I).  

According t o  the  foregoing theory, even i f  the chain were hydrolyzed, 

t he  hydrolyzate would consis t  of dimers o r  higher polymers (dehydrated 

i n  some cases) of the  or ig ina l  compound. A r e l a t i v e l y  high temper- 

a tu re  would be required t o  d i s t i l l  them, and i f  l i be ra t ed  slowly they 

would probably form new -C-0-C-0-C chains as fast as the  o ld  ones 

were broken i n  the presence of  the  acid ca ta lys t .  
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SUMMARY OF RESULTS 

When each of 10 aldehydes and cyclohexanone was t r ea t ed  with a 

s t rongly  acid cation-exchange r e s i n  at atmospheric pressure,  the  

following r e s u l t s  were obtained: 

1. Only the  lower moleculas weight aldehydes were converted t o  

simple, d i s t i l l a b l e  products. 

2.  Near o r  below room temperature, cyc l ic  t r imers  (para- 

aldehydes, t r i a l k y l  tr ioxanes) were subs t an t i a l ly  t h e  only d i s t i l l -  

able  products. Only propionaldehyde, butyraldehyde, and isobutyral-  

dehyde formed cyc l ic  t r imers .  

3. A t  ref lux,  a der iva t ive  of the  a ldo l  w a s  s u b s t a n t i a l l y  the 

only d i s t i l l a b l e  product. 

(a) Propionaldehyde, - n-butyraldehyde, isovaleraldehyde, and 

L n-caproaldehyde, having two hydrogen atoms on the  alpha carbon, 

gave the  2,3-dialkyl acrolein.  

(b) Isobutyraldehyde gave the  a l k y l  hydroxydioxane. 

( c)  Cyclohexanone gave 1- c yclohexenyl-2 -cyclohexanone. 

4. A t  ref lux,  a l l  the  above carbonyl coapounds and a l s o  2-methyl 

valeraldehyde, 2-ethyl butyraldehyde, 2-ethyl caproaldehytie, and 

crotonaldehyde gave more or  less d i s t i l l a t i o n  residue. 

w a s  s u b s t a n t i a l l y  the  only product obtained from t he  last-named 

aldehydes. 

gave no product.) 

This res idue 

(Benzaldehyde, which w a s  t e s t ed  only a t  room temperature, 
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5. The-following fac tors  were found t o  influence the  batchwise 

conversion o f  butyraldehyde t o  2-ethyl-3-propyl acro le in  during re-  

f l u x  i n  the  presence of Amberlite IR-120: 
\ 

(a)  Substant ia l ly  maximum conversion was obtained i n  one 

hour. 

(b)  The quant i ty  of Amberlite required f o r  maximum conver- 

s ion w a s  g rea te r  than 10 percent of t he  weight of aldehyde. 

results were obtained v i t h  25 percent Amberlite. 

Good 

( c )  Addition of an  i n e r t  solvent decreased t h e  conversion. 

(a)  Addition of a small quant i ty  of water g rea t ly  decreased 

t h e  conversion. 

( e )  Repeated re-use did not appreciably a f f e c t  t he  extent  of 

conversion if the ca ta lys t  was dr ied  after every second run. 

(When the  reac t ion  w a s  run near room temperature, no drying w a s  

needed even after s i x  runs.) 

( f )  Subst i tut ion of Dowex 50x8 f o r  t he  h b e r l i t e  IR-120 did 

not appreciably a f f ec t  the  extent  of conversion a t  ref lux,  bu t  

Dowex 50 w a s  a more vigorous ca t a lys t  a t  ambient temperature. 
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APPENDIX A 

DISCUSSION OF "HX ACID-CATALYZED CONDENSATION OF AL;DEHYDES 

Aldehydes undergo three types of acid-catalyzed condensation: 

(1) aldol iza t ion ,  sometimes followed by dehydration, ( 2 )  formation of 

cyc l ic  t r imers  o r  tetramers, and (3) formation of resinous polymers. 

Aldol izat ion i s  l imited t o  those aldehydes which have at  l e a s t  one 

hydrogen atom on the  alpha carbon atom. A subsequent dehydration t o  

form an 2,3-dialkyl acrolein occurs upon warming, p a r t i c u l a r l y  i n  the 

presence of ac id  or  iodine, i f  there  were two hydrogen atoms on t h e  

alpha carbon atom. Cyclic t r imerizat ion,  which i s  favored by room 

temperature or  colder, has been reported f o r  a nmber of unbranched 

or  s l i g h t l y  branched a l ipha t ic  aldehydes, and the products a re  known 

as para-aldehydes. The formation of meta-aldehydes, which a re  a l s o  

cyc l i c  polymers but  have d i f f e r e n t  physical  propert ies ,  i s  favored by 

temperatures below zero. 

Aldolization and dehydration. - It has long been recognized t h a t  

t h e  a l d o l  (o r  ke to l )  condensation i s  fundamentally similar t o  other  

carbonyl condensation react ions which go under a v a r i e t y  of names, 

e. g., Claisen, Knovenagel, Michael, Perkin, and which involve the  

l a b i l i t y  of a hydrogen atom on the alpha carbon atom. 

reac t ions  a re  custornarily conducted with a s t rongly bas ic  ca t a lys t ,  

Although these 
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t he  use of m i n e  s a l t s ,  metal alcoholates,  o r  acids i s  well  known f o r  

some of them. 

s t rong acids  of e i t h e r  the  Lewis o r  protonic type. 

The aldehyde self-condensation can be ca r r i ed  out with 

'- . 
If the o r ig ina l  

aldehyde had two alpha hydrogen atoms, the acid ca t a lys t  w i l l  also 

promote the dehydration of all or p a r t  of the  product. 

Wurtz ( 2 0 )  prepared a ldo l  by t r e a t i n g  acetaldehyde with aqueous hydro- 

ch lo r i c  acid at  room temperature and then converted it t o  --- acro le in  -. - by - 

d i s t i l l a t i o n .  

A s  examples, 
0 
Lo 
0 
Lo 

C t b 4 > , .  J-): 1 i 

Backes (21) obtained propionaldol and 2-methyl-3-ethyl 

acro le in  by t r e a t i n g  propionaldehyde in benzene with phosphorus 

oxychloride a t  0'. 

the  present inves t iga t ion  t o  achieve s imilar  r e s u l t s  with higher 

The use of cation-exchange r e s ins  by D u r r  and i n  

aldehydes has a l ready been discussed i n  the m a j n  section. 

Zuffant i  and Luder (22) have pointed out t h a t  a ldol iza t ion  can be 

catalyzed by  e i t h e r  bases o r  acids  because the carbonyl group can be 

considered t o  be anphoteric. For example, 

H 

R - C :  NR3 . 
$( +> 

m3 

Toward a s u f f i c i e n t l y  strong acid,  the carbonyl group behaves as a base. 

This mechanism has been discussed by Lapworth and R a n n  (23), reviewed 

by  Watson (24), and somewhat elaborated by Arndt and E i s t e r t  ( 2 5 ) .  

. .  
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R 
H-C--OHO I 

H 

@' 0 
I // A- 

R'-C-C-H ~ ; R'-c--c-H 
I I 

H H 

+ H A  

The above mechanism i s  supported by the f a c t  t h a t  it o be 

used t o  explain deuterium exchange and c e r t a i n  racemization react ions 

of cwbonyl compounds. 

ism has been proposed by Bodendorf (26) : 

A var ia t ion  which involves keto-enol t a u t m e r -  

f 
Q? H+A- 7 yH 

R - C ~ - B . = R - C = C - H  + A- 
I: 
7 OH If OH H OH 

r /  
I I I I  R-C=C-H SR-C-c -H 

I f @  
R'- C-C-Hct.R'-y-C-O 

H I 
H 

The four-membered r ing  then opens 

H L H  
xi- c -OH 

I 
H 

an a1 

ous object ion t o  the l a t t e r  mechanim i s  the high energy state 

represented by the  highly s t ra ined  four-membered ring. On the other 
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hand, Backes ( 2 7 )  claims tha t  u l t r a v i o l e t  absorption da ta  indicate  

t h a t  t h i s  r i ng  form normally e x i s t s  i n  equilibrium with the  l i n e a r  

a ldo l  s t ructure .  
i, 

Backes says t h a t  t h e  four-membered r ing  explains why heating 

a ldo l  r e s u l t s  only i n  p a r t i a l  dehydration of the  compound. This f a c t  

can, however, a l so  be explained by the f inding b y  Spath (27a ) ,  

Saunders ( 7 ) ,  and Alexander ( 2 8 ) ,  and t h e i r  coworkers t h a t  aldol,  

propionaldol, butyraldol,  and isobutyraldol  normally change t o  a lkyl-  

subs t i tu ted  hydroxydioxanes which are trimers of t he  o r ig ina l  alde- 

hydes. The existence of the a lky l  tr ioxane from isobutyraldehyde i s  

supported by the  synthesis  of i t s  ethoxy der iva t ive  (29), and o f fe r s  

t he  t h e o r e t i c a l  advantage of t h e  s t a b i l i t y  of a r e l a t i v e l y  unstrained 

six-membered ring. It i s  s u f f i c i e n t l y  s imi la r  t o  t h e  four-membered 

r ing  t o  account f o r  Backes' u l t r a v i o l e t  absorption, and it equal ly  

wel l  explains the  p a r t i a l  dehydration and p a r t i a l  reversion t o  

aldehyde upon being heated. 

Saunders ( 7 )  found t h a t  t h e  conversion of isobutyraldehyde t o  

2,4-diisopropyl-5,5-dimethyl-6-hydroxy-l, 3-dioxane occurs spontaneously 

on standing (time not specif ied)  a t  room temperature without a ca ta lys t .  

Separation of e i t h e r  t he  pure a lky l  hydroxydioxane or  t he  pure a l d o l  

i s  very d i f f i c u l t ,  and, since t h e  two appear t o  form am equilibrium 

mixture, t h e  existence of a reasonably pure preparation i s  probably 

t rans i tory .  D i s t i l l a t i o n  under su i tab le  vacuum (13 m according t o  

Alexander and Marvel1 (29), 40 t o  50 m a  according t o  Spath (27a)) 

converts t he  a lky l  hydroxydioxane t o  isobutyraldehyde, isobutyraldol,  

. 
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and higher-6oi ing products. 

i s  needed i n  order t o  obtain t h e  pure aldol ,  and t h a t  the  addi t ion of 

one percent of adipic  acid f a c i l i t a t e s  the  process. 

Spath says t h a t  repeated d i s t i l l a t i o n  

\ 

The condensation of n-butyraldehyde a l s o  yields  the  tr imer,  

5-ethy1-Z,4-dipropyl-6-hydroxy-lJ 3-dioxane , and the  occurrence of 

t h i s  compound i n  the  course of the  present  inves t iga t ion  i s  discussed 

i n  appendix C. 

The mechanism of the formation of t he  a l k y l  hydroxydioxanes may 

be : 

OH H H YH 7 7N $0 H+A-. B I H+A- I I  
R-C-C-C-H r R-C-C=C LR-C-C-C-H 

I I  I l l  O H R  I l l  A 
OH R O H R  H 

H H H A  

A I 
OH 

*\,/OH 
I 

H-C-H 
I 

R 

I I + 2 H+A- 

0 \c/o 
I 

H-7-H 
R 

Both the  acid- and base-catalyzed a ldol iza t ion  and crotonizat ion 

of aldehydes r e s u l t s  i n  the  formation of some viscous higher molecular 

weight mater ia l s  which have been r e fe r r ed  t o  as d i s t i l l a t i o n  residues 

i n  the  main body of this paper. 

t h e i r  existence,  invest igators  have done l i t t l e  t o  character ize  these  

Aside from occasionally mentioning 
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materials. The RESULTS AND DISCUSSION sect ion contains a hypothesis 

as t o  t h e i r  s t ructure .  

Formation of cycl ic  and l i n e a r  polymers. - In 1872, Barbaglia 

(30) t r e a t e d  cold isobutyraldehyde with chlorine and obtained the  

c r y s t a l l i n e  compound now known t o  be the  cyc l ic  tr imer paraisobutyr- 

Lo aldehyde o r  2,4,6-triisopropyl-l, 3,5-trioxane. Later Demtschenko 

0 m 
0 

(31) obtained the  same r e s u l t  with concentrated s u l f u r i c  acid, gaseous 

hydrogen chloride,  and phosphorus pentachloride. The analogous tri- 

a l k y l  t r ioxanes have been prepared from t h e  normal 2-, 3-, 4-, 6-, 

11-, 13-, 14-, 15-, 16-, and 17-carbon normal aldehydes, from tri- 

methyl acetaldehyde, 2 -methyl butyraldehyde, and isovaleraldehyde 

(32) ,  (33), and (14). The general  method of preparation i s  t o  in t ro-  

duce a s t rong Lewis acid in to  t h e  aldehyde a t  o r  below room tempera- 

ture. The reac t ion  occurs readi ly ,  except i n  the  case of 

f omaldehyde. 

In addi t ion t o  the  para-aldehydes, sane cyc l ic  polymers of 

acetaldehyde, propionaldehyde, and butyraldehyde which have been 

ca l led  meta-aldehydes have an analogous s t ruc ture  but  d i f f e r e n t  

physical  properties.  The most common one, metaldehyde, i s  sa id  by 

F ieser  (34) t o  be a cyc l i c  tetramer, and Franke (14) has claimed t h a t  

metabutyraldehyde is  a tetramer. Metapropionaldehyde w a s  thought t o  

be a tetramer, but  Orndorff and Balcom (35) concluded t h a t  it i s  the  

- cis-form of parapropionaldehyde. 

paraldehyde are  - c i s -  and trans-isomers, but  F i e s e r ' s  opinion on t h i s  

point  i s  more widely held today. 

They a l so  decided metaldehyde and 

Gerding (36)  and Aoki (37) have 
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concluded from inf ra red  and e lec t ron-d i f f rac t ion  da ta  t h a t  l i qu id  

paraldehyde i s  a mixture of the - c i s -  and trans-isomers of the  

puckered r ing  (CH3CH0)3. 

aldehydes i s  apparently not completely understood as  yet. 

-.. 
The difference between meta- and para- 

A much higher molecular weight polymer i s  obtained i f  acetalde- 

hyde i s  frozen and then allowed t o  w a r m  up t o  room temperature. 

Removal of the  unreacted aldehyde leaves a rubbery s o l i d  whose molec- 

ulas weight is  about 510,000 (38). Staudinger (19)  has suggested 

t h a t  it i s  a l i n e a r  polymer with the  s t ruc tu re  -0 . This M, fX 
theory i s  supported by  inf ra red  and X-ray d i f f r a c t i o n  d a t a  and by the  

physical  propert ies  of t he  polymer (40, 41). 

The mechanism of the formation of t he  cyc l ic  and l i n e a r  polymers 

has not been properly studied, but  Bevington (42)  has reviewed the  

ava i lab le  information. Stepanow (43) and coworkers have devised a 

theory which i s  based on t h e i r  observation t h a t  some 2,4,6- t r i -  

(bromomethyl)-1,3,5-trioxane i s  formed during the  bromination of 

acetaldehyde at low temperature. They suggest t h a t  t he  subs t i tu ted  

t r ioxane i s  formed from 1-bromoethanol, which w a s  i den t i f i ed  a s  am 

intermediate, and which i n  t u r n  may have been formed from hydrogen 

bromide and acetaldehyde. The mechanism i s  as follows: 
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OH H OH 
I H+A- 1 1  

R-C=C-H .- R - C - C 4  
I I I I  

H H H A  

3 
7 
A d ,  

R-CC-C-H 3 H+A- + 
7 

H2C 

Presumably a similar mechanism could account f o r  t he  very high 

molecular weight l i n e a r  acetaldehyde polymer discussed i n  t h i s  

appendix as w e l l  as f o r  t he  d i s t i l l a t i o n  residues which a re  hypothe- 

sized i n  t he  main sect ion t o  be based on a - C - 0  - C -  0 -  c- chain. 
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APPENDIX B 

USE OF CATION-EXCHANGE R E S I N S  TO CATALYZE REACTIONS 

OF CARBONYL COMPOUNDS 

Tfie use of ion-exchange r e s ins  as c a t a l y s t s  f o r  organic react ions 

has been thoroughly reviewed i n  references (1) and ( Z ) ,  and therefore  

the  top ic  w i l l  be considered only b r i e f l y  here. 

The s t rongly ac id  cation-exchange r e s ins  commonly used today a re  

Manufacturers do not  cross- l inked styrene-divinylbenzene copolymers. 

recommend t h e i r  use i n  water at temperatures above 125', But Astle 

says t h a t  they can be used i n  nonaqueous systems with l i t t l e  decom- 

pos i t i on  up t o  180' (1). An older ,  less e f f ec t ive  kind of r e s i n  i s  

t h e  sulfonated phenol-aldehyde type. 

Helffer ich (44), among o thers ,  has l i s t e d  the  advantage of using 

ion-exchange r e s ins  instead of soluble  acids  o r  bases. Some advan- 

tages  are:  (1) The ca t a lys t  can be removed eas i ly ,  (2) I n  some in-  

s tances  s ide  react ions can be suppressed o r  an otherwise minor product 

can become a major one, (3) I n  manufacturing processes, corrosion of 

metal equipment can be avoided, and (4) Continuous production i n  a 

bed or column of ca t a lys t  i s  po ten t i a l ly  possible .  

Ion-exchange ca t a lys i s  must occur on the surface o r  w i t h i n  the  

pores of the  heterogeneous c a t a l y s t .  Surface area,  pore s i ze ,  swell-  

ing e f f e c t  of the l i q u i d  phase, and d i f fus ion  r a t e s  i n t o  the r e s i n  ' 

p a r t i c l e s  become fac tors  which may influence the r a t e  and even the  
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course of the react ion.  

sh ip  of some of tflese parameters. 

l i q u i d  i n  the r e s i n  pores i s  a homogeneous system i n  which the  r e s i n  

i s  a dissolved e lec t ro ly te .  I f  the reac tan t  i s  a lso dissolved i n  a 

solvent ,  the  concentration of reac tan t  i n  the  l i q u i d  i n  t'ne pores may 

Helffer ich (45) has pointed out  t he  r e l a t ion -  

\ 
It can be postulated t h a t  t h e  

w e l l  be d i f f e ren t  from the  concentration i n  the  bulk of t he  l i qu id .  

Then, i f  the  ve loc i ty  of the  react ion r a the r  than the  r a t e  of d i f fu -  

s ion i s  the  r a t e  determining s t ep  f o r  the  reac t ion  AB+ A + B, t h e  

r a t e  can be expressed as 
- - - - - - -  an -Vkch at - (- 2) overa l l  

where 

n = number moles t o t a l  reactant  
- 
n = number moles reac tan t  i n  pores 

t = time 

V = pore volume 
- 
- 
k = reac t ion  r a t e  constant i n  pores 

c = reac tan t  concentration i n  bulk of l i q u i d  

c = reac tan t  concentration i n  l i q u i d  i n  pores 
- 

. 
- 

h = c/c 

While equation (A) indicates  the r e l a t ionsh ip  of some of t he  

parameters involved, numerical values of some of them would be very 

d i f f i c u l t  t o  obtain.  If the d i f fus ion  were t h e  ra te -cont ro l l ing  

s tep,  t he  ana lys i s  would become much more complex, but  Helffer ich 

says t h a t  A would s t i l l  be an important fac tor .  
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Another fac tor  b e l i e v e d t o  govern t'ne r a t e  of ca t a lys i s  i s  the  

\ 

change i n  entropy which occurs when a reactant  molecule becomes 

attached t o  the  r e s i n  t o  form a t r a n s i t i o n  state complex. It i s  t o  
' 

t h i s  change i n  entropy that Haskell and Hanmet (15) have a t t r i b u t e d  

the  decrease i n  r e l a t i v e  r a t e  of hydrolysis when e s t e r s  of increasing 

chain length a re  t r e a t e d  with an ac id  ion-exchange res in .  

Cation-exchange r e s ins  have been used t o  catalyze a number of 

react ions involving carbonyl compounds. 

hydrolysis of e s t e r s ,  but a lso tile formation of e s t e r s .  

and coworkers (46) have found t h a t  uniquely good y ie lds  of  monoesters 

of diethylene glycol were obtained by the  use of Amberlite IR-120. 

Paulson and coworkers (47) have hydrolyzed casein with Dowex-50 and 

obtained subs tan t ia l ly  t'ne same r e s u l t  as by using hydrochloric acid. 

Bodamer and Kunin (48) have inverted sucrose by using e i t h e r  s t rongly 

or weakly ac id  res ins  and found t h a t  t he  r a t e  of inversion i s  i m -  

proved by increasing the  porosity and decreasing Yne p a r t i c l e  s i z e  of 

the res in .  Klein and Banchero (49) converted acetone t o  mesi tyl  oxide 

by the  use of Dowex-50, and obtained diacetone alcohol as a major by- 

They catalyze not only 

Thus, Ast le  

' product. 

i s  used. 

s tep ,  t he  r a t e  of react ion appears t o  be proportional t o  t h e  mass 

The alcohol i s  not normally obtainable when a soluble ac id  

They suggest t h a t  when d i f fus ion  i s  the  rate-control l ing 

of res in .  When reac t ion  veloci ty  i s  ra te -cont ro l l ing ,  t h e  r a t e  

appears t o  be proportional t o  t h e  r e s i n  surface area.  

Zaslowski, and Lafyat is  (50) used various s t rongly acid r e s ins  t 

obtain good y ie lds  of dioxolanes and trioxocanes from aldehydes and 

Ast le ,  
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v i c i n a l  glycols.  

condensation of a l ipha t i c  aldehydes and cyclohexanone has been d i s -  

cussed i n  the  main sect ion.  H e  has a l so  used Amberlite IR-120 t o  

condense various a l ipha t i c  aldehydes with benzaldehyde and cyclo- 

hexanone and t o  prepare assorted ace ta l s  of furfural (4) (13) (51). 

Ueno (52) has used a sulfonated polystyrene t o  convert acetaldehyde 

t o  paraldehyde and metaldehyde. 

D u r r '  s stuay of cat ion resin-catalyzed s e l f -  

L 
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APPENDIX C 

DISCUSSION OF SOME DETAILS OF 

EXPERlMENTAL WORK 

React an ts  

A l i s t  of the  boi l ing  ranges and r e f r ac t ive  indices  of Yne car- 

bonyl compounds used as reac tan ts  i n  this inves t iga t ion  i s  given i n  

t a b l e  IX. The b e s t  values reported i n  the  l i terature a re  shown f o r  

comparison. 

In f r a red  Examination of Products 

The f r ac t ions  obtained by vacuum d i s t i l l a t i o n  were examined with 

a Perkin-Elmer model 21 inf ra red  spectrometer. The peak at  about 3 

microns for hydroxyl i s  almost unmistakable. Peaks f o r  conjugated and 

unconjugated aldehyde and ketone carbonyl, fo r  conjugated and uncon- 

jugated carbon-carbon double bonds and f o r  e the r s  had t o  be examined 

more carefu l ly .  Table X l i s t s  the absorption peaks f o r  these groups 

as they appeared i n  all the  d i s t i l l e d  compounds and also gives author- 

i t a t i v e  values from the  l i t e r a t l l r e  for comparison. I n  order t o  make 

the  comparison, it w a s  necessary t o  cor rec t  t he  observed wavelengths 

of t he  peaks because of constant and t r a n s i e n t  e r r o r s  i n  the  spec- 

trometer. To do t h i s  the  average .values for -CH2 and -CH 3 given by 

Bellamy (53) (2962 cm’l o r  3.38 microns f o r  -CH3, 2926 cm’l or 3.42 

microns f o r  -CH2-) were a r b i t r a r i l y  assigned t o  the  appropriate peaks,. 

and all ot’ner peaks were cqrrected f o r  t h e  difference between observed 
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TABLE M. - PROPERTIES OF ALDEHYDES AND CYCLOHEXANONE 
-~ 

Carbonyl compound 

Propionaldehyde 

n-Butyraldehyde 

I s ob u ty ra  lde  hy de 

Cro tona ldehyde 

Isovaleraldehyde 

n-Caproaldehyde 

2- Ethyl butyraldehyde 

2-Methyl valeraldehyde 

2-Ethyl caproaldehyde 

Benza lde hyde 

Cyclohexanone 

aAt.  19’. 

Boiling range 

Found 

Temper- 
a ture ,  

OC 

6.5-47.5 

2.5- 73.0 

62-63 

52-54 

56-57 

71- 73 

56-57 

95-97 

49-50 

78-79 

66 

?ress ,  
mm 

741 

743 

74 8 

132 

250 

97 

92 

400 

12 

27 

29 

Li ter -  
a t u r e  

( r e f .  6) 

Pempera- 
ture (a t  
760 mm),  

OC 

48.8 

74.7 

64 

102.15 

92.5 

128.1,131 

11 7 

116, 
119-121 

160, 
162-165 

178.9 

155.7 

Refractive index ngo 
u 

Found 

1.3630 

1.3800 

1.3730 

1.4365 

1.3912 

1.4058 

1.4011 

1.4008 

1.4178 

1.5451 

1.4492 

Li tera ture  
( r e f .  6) 

“1.3646 

1.3843 

1.3730 

1.4362 

1.3923 

1.4039,1.4068 

1.4025 

Jot reported i n  
l i t e r a t u r e  

1.4150 

1.5460 

1.4507 
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Compound 

F;$ 5 T - G v a l Z d e h y d e  
Isobutyraldehyde I-_ - - . .. - 

- 
88 
98 
111 

121 
- 

1720 to -"E? I f l 1 7 3 0  1 1740(5: 
Aldehyde >C=O (conjugated with X = C < )  

2-Methyl-3-ethyl acrolein 
2-Ethyl-3-propyl acrolein 
2-Methyl-3-ethyl acrolein 
2-Isopropyl-3-isobutyl 5.93 - .06 1705( 5: 

2-Butyl-3-amyl acrolein 3.53 6.01 
acrolein 

- - . - . . __ __ __ - 

Ketone ;C=O (not conjugated) 

3.50 

3.38 
3.43 

butyraldehyde 

/3*501 5.90 1 -!:E: 1 2::; 1 1722 11;;;5& Cyclohexanone 
3.47 5.85 

5.98 -0.08 5.90 

5.89 0 5.89 1665 to 
5.92 -.01 5.91 1695 1685(5; 

2-Ethyl-3-propyl acrolein 
2-Methyl-3-ethyl acrolein 
2-Methyl-3-ethyl acrolein 
2-Isopropyl-3-isobutyl 

88 
98 

111 

3.43 
3.41 
3.45 
3.44 

acrolein 
121 2-Butyl-3-amyl acrolein 13.531 

6.10 -0.05 
6.09 I 
6.13 
6.14 - .06 1 6.04 1 1 6.19 -.15 

6.06 
6.08 1652 

3.47 6.20 -0.05 
cyclohexanone 

1621 to 
1647 (5: 

1620 to 
6.15 1625 1680(53) 

90 

117 

85 

98 

116 

Paraldehyde 

Paraisobutyraldehyde 

Paraproplonaldehyde 

Parabutyraldehyde 

Propionaldehyde 

Cyclohexanone polymer 
distillation residue 

126 
res idue 

6-hydroxydioxane 
5,5-Dimethyl-2,4-diisopropyl- 

3.41 

3.42 

3.45 

3.44 

3.42 

3.52 

3.45 

__ 

3.42 

__ 

Range : 
8.5QtO 
8 .6$and 
8.9QLtO 

9 . 1 6 ~  

Range (54 

@..&and 
9.03: to 
9.15~ 

8.4ptO 

a-C-O-C-O-C-group gave two or three peaks, as indicated. 
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and assigned-wavelength. Tne r e su l t i ng  corrected values f o r  t h e  

des i red  peaks f e l l  within a narrow range and agreed qui te  wel l  with 

values given i n  the  l i t e r a t u r e  ( t ab le  X). The l i t e r a t u r e  vzlues 

were all taken from Bellamy, except f o r  the  values for - C - 0 - C - 0 4 -  

which Bellamy does not discuss i n  s u f f i c i e n t  d e t a i l .  The values f o r  

t he  e-cher were taken from Tschade r  and Leutner (54).  

\ 

0 m 
Lo 
0 

Examination of the Mixed Product Obtained 

by Refluxing Butsraldehyde 

The main sec t ion  of t'nis paper descr ibes  as a mixture one of  t he  
A 

products obtained by shaking butyraldehyde and Amberlite IR-120 at  

ambient temperature or ref luxing them under reduced pressure.  T'ne 

same result w a s  obtained i n  r ep l i ca t e  runs. A number of unsuccess- 

f u l  attempts were made t o  separate t h e  components by d i s t i l l a t i o n .  

I n  t h e  most e laborate  attempt, t he  mixture co l lec ted  from a number 

of runs w a s  combined and d i s t i l l e d  i n  a Todd column. Typically,  t'ne 

pot  temperature had t o  be kept much higher  than the  head temperature 

i n  order  t o  continue even a very slow r a t e  of d i s t i l l a t i o n .  Three 

f r a c t i o n s  were taken a t  head temperatures of 51.5 t o  65O, 65O down 

. t o  61°, and 61' down t o  59' a t  1 . 2  t o  1 . 7  mm. 

remained i n  the  pot.  

were i d e n t i c a l  with one another and with t h a t  of the  s t a r t i n g  mater ia l .  

20 The r e f r ac t ive  indices ,  nD , of the  f r ac t ions  were very similar, 

1.4360 t o  1.4371, but considerably lower than t h a t  of t he  s t a r t i n g  

material, 1 .4525.  

of 52 days, t h e  r e f r ac t ive  indices  of the  f r ac t ions  rose t o  1.4510 

8 

A very viscous residue 

The inf ra red  spec t ra  of the  th ree  f r a c t i o n s  

They were a l so  much more f l u i d .  Over a per iod 
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and they became viscous again. This behavior on standing i s  typ ica l  

of aldols (55). However, nei ther  the  physical p roper t ies  and i n f r a -  

red  spec t ra  of the  f r ac t ions  ( t ab le  I) nor the  analyses f o r  aldehyde 

and hydroxyl groups were consis tent  with those expected of pure buty- 

r a ldo l .  

\ 

Analytical  procedures described i n  Smith and Shriner  (56) 

gave an average of 4.9 percent hydroxyl and 11.1 percent aldehyde, 

compared t o  11.8 and 20.3 percent respect ively calculated f o r  pure 

butyraldol .  A l l  these da ta  point t o  butyraldol  containing a consid- 

erable  proportion of o ther  material .  

t o  cons is t  of compounds which might reasonably be expected t o  form 

The o the r  material would have 

and would have t o  account for t he  elevated boi l ing  range, the  de- 

pressed r e f r ac t ive  index, and the  conjugated aldehyde and carbon- 

carbon double bond peaks i n  the  inf ra red  spectrum. 

The work of Saunders (56) and Spath (27a) and t h e i r  coworkers 

ind ica tes  t h a t  t he  d i f f i c u l t y  of i so l a t ing  pure butyraldol  i s  very 

grea t .  

hyde at  0' t o  20' y i e lds  the cyc l i c  t r imer  5-ethyl-2,4-dipropyl-6- 

Both have found that t he  a lka l ine  condensation of butyralde- 

hydroxy-1,3-dioxaneJ which can be considered as the  reac t ion  product 

of butyraldol  with butyraldehyde. Spath found t h a t  t he  compound re-  

ver ted  t o  a ldo l  and aldehyde t o  varying ex ten ts  during d i s t i l l a t i o n  

under pressures  even down t o  0.1 mm, and Saunders has s t a t e d  t h a t  t he  

a ldol  cannot be fract ionated without p a r t i a l  dehydration. 

I n  the  present  invest igat ion,  i n  which d i s t i l l a t i o n s  were run 

under 1 . 2  t o  5 mm, the  conditions would be conducive t o  p a r t i a l  d i s -  

t i l l a t i o n  and p a r t i a l  decomposition of t he  a lkyl  hydroxydioxane, f o l -  
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lowed by p a r t i a l  dehydration of the  aldol .  It i s  a l so  l i k e l y  Ynat 

parabutyraldehyde, which tends t o  form a t  the  reac t ion  temperatures 

which were used and has a boi l ing range s i m i l a r  t o  t h a t  of t'ne mix- -.. 

tu re ,  may a l so  have d i s t i l l e d  over. The propert ies  of the  compounds 

' which have been named are  l i s t e d  below and are  not inconsis tent  with 

the proposal t h a t  they const i tuted the mixture. 

Functional 
groups 

20 
Boiling "D 
raww Y 

OC 

5-ethyl-2,4-dipropyl- None 1.4495 (27a)  -OH, -C-0-C-0-C- 
-6-hydrO~y-1,3- reported 
dioxane 

butyraldol  100-101 1.4409 (27a)  -OH,-CHO (not conj.) 
at  10.5 
mm (27a) 

par  abutyr aldehyde 103-110 1.4261 -c-0-c-0-c- 
at  1 2  mm ( tab le  I) 
( 6) 

2-ethyl-3-propyl -CHO(conj) and 
acro le in  1 7 3  (6) 1.4518 (6) -c=c- (con,j) 

Detailed Experimental Results 

Table X I  l i s t s  the  experimental conditions under which a l l  t h e  

r u n s  were made with a l l  t he  carbonyl compounds (except butyraldehyde) 

and t h e  r e s u l t s  which were obtained. 

Attempt t o  Use a Weakly Acid Cation-Exchange 

Resin and i t s  Amine S a l t s  t o  Catalyze 

Yne Self  -Condensation of Butyraldehyde 

I n  view of the  high ca t a ly t i c  a c t i v i t y  of tine weak-acid salts  

of weakly bas ic  anion-exchange res ins  i n  promoting Knovenazel and 
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T A B L E  XI. - CONDENSATlON OF OTHER ALDEHYDES 

y h y d e  o r  ketone 

109 Paraformaldehyde (8Og) 
101 Formalin, 37% (200g) 

97 Propionaldehyde 

102 Crotonaldeh de 

90 1sobutyf;aldehyde 
95 ,  

110 

( 7 2 d  

121 

( d r i e d  
106 

115 

Reaction condi t ions  
( a )  

Refluxed 4 h r  wi th  l8Og benzene 
S t i r r e d  3/4 h r  a t  -3' t o  24' 

and 3 hr a t  24O t o  79O 

S t i r r e d  1 hr a t  27' t o  45' 
S t i r r e d  3 hr a t  -31° t o  Oo 
Refluxed 6 h r  a t  50' t o  65' 
S t i r r e d  1 h r  a t  25O t o  31 
Refluxed 1 h r  a t  94O 
S t i r r e d  50 min a t  23O t o  30' 
S t i r r e d  5 hr  a t  -13O t o  -4' 
Refluxed 1 h r  a t  59' t o  65' 
Refluxed 6 h r  a t  60' t o  63' 
Refluxed 6 h r  a t  62' t o  65: 
Refluxed 6 h r  a t  65' t o  86 
S t i r r e d  1 h r  a t  2 8 T t h e n  r e -  

f luxed  1 h r  a t  90° t o  9 l 0  
S t i r r e d  1; h r  a t  1' t o  20' 
S t i r r e d  1 h r  a t  loo t o  lao and 

1 h r  a t  25' t o  2.2' 
Refluxed 1 h r  a t  107'. No 

water  takeoff .  
Refluxed 3 h r  a t  104O t o  119'. 

13.3 m l  water  removed. 
Refluxed 3 hr a t  107' t o  121' 

wi th  0.2g hydroquinone added. 
9.7 m l  water removed. 

Refluxed 1 h r  a t  l05O t o  llOo, 
l g  0-2854 s u r f a c t a n t  added. 
3 m l  water removed. 

~ 

Refluxed 2 h r  a t  1160 t o  1 1 8 O  
with  36g dimethylformamide 

Refluxed 1 h r  a t  1050 t o  loPo 
Refluxed 1 h r  a t  118' t o  155 . 

4 m l  water removed. 

wi th  25g IR-120. 11 m l  water  
removed. 

wi th  3g IR-120. 1.3 ml water 
removed. 

Refluxed 1 h r  a t  104O t o  134' 

Refluxed 3 h r  a t  105O t o  127' 

S t i r r e d  1 hr a t  89" t o  109O 
Refluxed 6 h r  a t  11l0 t o  127' 
Refluxed 6 hr a t  136O t o  150° 

11.5 m l  water  removed. 
S t i r r e d  30 min a t  22'. then  

1 hr at  77' t e 0 3  
Refluxed 5 h r  a t  113' t o  169'). 

14 m l  water removed. 
Refluxed 1 h r  a t  106O t o  1 1 5 O  
2/3 Of aldehyde added s lowly t o  

ketone a t  room temperature .  
Af te r  l a s t  1/3 added, ref luxec 
1 h r  at 79O t o  8 9 O .  

Aldehyde s lowly added t o  ketone 
with s t i r r i n g  a t  29' t o  33'. 
S t i r r e d  3 hr. 

- ~ _ _ _ _  - 
Percent  conversion t o  

2,3- 
i a l k y l  
c r o l e i r  

0 
0 

~- 
0 
0 

41b 
0 

0 
0 
0 
0 
0 
0 
0 

22 

0 

0 

0 

0 

0 

0 

0 

9 
0 

4 

0 

0 
0 
0 

0 

0 

23' 
23 

1 I d  

Para- 
ildehyde 

P 
0 

60 
75 
0. 
0 

0 
91 
25 
18 

7 
10 
5 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 

0 

Other 
n-oducts 
.___ 

0 
0 

3 
0 
0 
2 

9 
0 
0 

26e 
40: 
33 
26 e 
0 

0 

6 

0 

6 

3 

~- 

2 

0 

0 
3 

0 

4 

0 
0 
6 

0 

0 

0 
4 

0 

H s t i l -  
. a t i o n  
.e s 1 due 

0 
0 

7 
0 

18 
6 

14 
0 
0 

14 
27 
25 
21 
9 

4 

0 

6 

41 

23 

11 

8 

21 
54 

34 

10 

7 
15 
60 

15 

-100 

10 
23 

_- 

25 

'Unless otherwise ind ica ted ,  lOOg carbonyl compound was t r e a t e d  wi th  25g. Dowex 50x 8. 
bSome methyl e t h y l  a c r o l e i n  l o s t  dur ing  d i s t i l l a t i o n ,  s o  a c t u a l  conversion l a r g e r  than ind ica ted .  
:l-Cyclohexenyl-2-cyclohexanone. 

e5,5-Dimethyl-2,4 diisopropyl-6-hydroxydioxane contaminated wi th  some i s o b u t y r a l d o l .  
'Probably 2-cyclohexylidene-butyraldehyde. 

2 Percent  2-ethyl-3-propyl a c r o l e i n  and 9 percent  u n i d e n t i f i e d  u n s a t u r a t e d  compound. 

- 
'o ta?  

- 
0 
0 

__ 
70 
75 

3 
23 
91  
2 5  
58 
74 
68 
2 
31 

4 

6 

6 

47 

29 

5gE 

~ 

13 

8 

30 
57 

38 

- 

14 

- 
7 

15 
66 

15 

,100 

33 
50 

.- 

36 
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a ldo l  condensations (57) (Sa), it seemed l i k e l y  t h a t  amine salts  of 

weakly ac id  cation-exchange r e s ins  might perform the same function. 

To t l i s  end, attempts were made t o  prepare the  pyridine and 2- 

ethylhexylmine salts of Amberlite I R C - 5 0 ,  and t o  t r e a t  butyralde- 

hyde with t h e  salt  form of the r e s in .  

Amberlite I R C - 5 0  was shaken with th ree  portions of 9 percent 

hydrochloric ac id  (each port ion contained 600 mil iequivalents  HC1 

per  100 g r e s i n  i n  as-received condition),  washed u n t i l  t he  e f f luen t  

gave no t e s t  f o r  chloride,  r insed with acetone, a i r -dr ied ,  and finally:  

vacuum dried.  

equivalents  per  gram. 

This r e s i n  had an exchange capacity of 8.93 m i l l i -  

The amine salts  were made by t r e a t i n g  the  r e s i n  with excess 

ammonia o r  pyridine i n  water o r  with 2-ethylhexylamine i n  benzene, 

washing with the  same solvent,  air drying, and t l e n  vacuum drying. 

It w a s  observed t h a t  the wash l i q u i d  always gave a bas i c  color  t o  

pH paper moistened wit'n water, and the  d r i ed  resin had a s t rong odor 

of the  amine. 

e f f luen t  without removing the odor. 

Rewashing and drying only gave more of t h e  bas ic  

An experiment w a s  run t o  determine whether t he  amine odor of t he  

r e s i n  and t h e  b a s i c i t y  of the e f f luen t  were s ign i f i can t .  Each of 

f i v e  10 gram samples of I R C - 5 0  (acid form) were shaken f o r  24 hours 

with 100 m l  of an aqueoas so lu t ion  of 23.70 grams pyridine.  The 

so lu t ions  were decanted, and tne  samples were r insed  wit'n water. 

Tne samples were subjected to 0, 1, 3, 6, o r  9 24-hour shakings with 

150 m l  port ions of deionized water, r insed  with acetone, a i r -dr ied ,  
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and f ina l ly -  vacuum dried.  The quantity of pyridine w a s  determined 

i n  the  decanted l i q u i d  and wash waters by means of u l t r a -v io l e t  

absorption (Beckmann DU spectrophotometer). The r e s u l t s ,  shown i n  

t ab le  XII, indicate  t h a t  pyridine w a s  s t i l l  being extracted even 

after 9 washings. 

of t he  exchange capacity, remained on the  res in .  

\ 

A t  t h i s  point only 1 . 7  g pyridine, or  24 percent 

The dr ied,  pyridine-treated IRC-50 which had not been shaken 

with water, and the one which had been shaken w i t h  water once were 

each shaken with 40 g f resh ly  d i s t i l l e d  butyraldehyde. 

cases, t he  only condensation product o-atained w a s  about one gram of 

d i s t i l l a t i o n  residue, approximately the  same r e s u l t  obtained by re- 

f luxing the  ac id  form of IRC-50 with butyraldehyde f o r  one hour. 

therefore  appears t h a t  neit'ner the  ac id  form nor the  pyridine- t reated 

form of IRC-50 promotes t'ne self-condensation of butyraldehyde. 

I n  both 

It 
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TABLE X I I .  - TXE EXTFViCTION OF PYRIDINE FROM 

TEN GFWIS PYRIDINE-TFiEATED AMBERLITE IRC-50 
1 

Liquid Volume Pyridine Pyridine 
(avg) , content i n  l i q u i d  
ml (avg) > ( a v d  > 

g / m l  g 

Decanted t r e a t i n g  solut ion 73 0.177 12.9 

Rinse water 100 ,0385 3.9 

F i r s t  water shaking and r in se  250 .0128 3.2 

11 II II Second I' 250 3.98 ~ 1 0 ' ~  1.0 

Third 250 1.40KL0'3 .35 

Fourth II 250 7. 39x1Om4 .19 

F i f t h  'I 250 4 . 4 5 ~ 1 0 - ~  .11 

Sixth  If 250 4.40 ~10'~ .11 

II II II 

I 1  11 

I t  11  I1 

II 11 II 

II 11 .08 Seventh 'I II 250 3.02 ~10'~ 

Eighth 'I 250 2.52 ~10'~ .06 

Ninth I1 250 1.88 .05 

11 II 11 

II II 

Total  pyridine recovered 22.0 g 

Pyridine i n  t r e a t i n g  so lu t ion  

Pyridine l e f t  on r e s i n  

23.70 g 

1 . 7  g 
L 
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